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Abstract

Several of the plants which are currentlynigeused in fish feed in Norwaypday, are being
genetically modified (GM) aroundhé world. The use of GM plants is increasing worldwide,

and whether these are safe to use in fish feed has been questioned. Deoxynivalenol (DON) is a
highly prevalent mycotoxin contaminant found in crops. Previous findings suggest that GM
maize has a highdevel of this contaminant. This study aims to investigate whether GM
maize (event MON 810) and low DON contamination affects performance, intestinal mMRNA
and white blood differentiation when fed to ZebrafiBagio rerio).

Two separate trials were rummiltaneously; (1) zebrafish were fed either GM maize (event
MON 810) or the conventional nesogenic parental line for 45 days, (2) zebrafish were fed
diets with increasing concentration of synthetic DON (0.0, 0.1, 0.5, 1.5, 2, 3 ppm DON) for
45 days. Al fish were weight and measured when terminated. The intestine was analyzed for
difference in gene express®nsing Quantitative Real Time RPCR (gPCR), and white

blood cell differentiation was performed on blood samples.

Feed acceptance was good fottbtrials. The fish fed GM maize had a higher growth than
the nonGM group, although this increase was not significant. There fish feed 0.1 ppm DON
had the highest growth for the DON trial, however there were no significant differences
between the dietdNo significant differences was observed for the mean normalized gene
expressions (MNE) for the nz diets, although there wastiend towardsincrease of
mitogen activated protein kinase (Mapk14) which could indicate ribotoxic stress. The MNE
for the DONtrial showed no significant difference or dose response to the increased DON
concentrations in the diets. No effects were observed for the white blood cell differentiation
for either of the trials.

In conclusion, an inclusion level of 19 % GM maize does significantly affect fish
performance, intestinal mRNA or white blood cell differentiation in Zetra Low
concentrations of naturally contaminated or synthetically @OMot seem to affect zebrafish
growth, intestinal mRNAtranscriptlevels or whiteblood cell differentiation. The lack of
effects indicates, compared to other investigated animals, that zebrafish is not very sensitive

to DON contamination if feed.






1. Introduction

1.1 Genetically modified (GM) plants in aquaculture

During the last two dmdes the world of agriculture has encountered huge changes including
introduction of genetically altered plants. The commercial use of genetically modified (GM)
plants was initiated in 1996, and has increased each yeaf3mes, 2011
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Figure 1.1:The graph showhe cultivation increase (millions hectares) of GM maizeiffeidnt areagGMO-
Compass, 2000whilst the pie chart sholwow much of the total maize production is GMmis(James, 2012

Organismghat hare been genetically alteredte collectively known as Genetically Modified
Organisms (GMO). e Norwegian Gene Technology act from 1993 states that M
fimicroorganisms, plants and animals whose genetic material has been altered using gene
technologyproviding a gene combination that could not occur naturally or by mutations in
nature (lovdata, 2001 Today, the main GM plants are soybeans, maize, @aaold cotton

grown in 29 countries with USA, Brazil, Argentina and India belmgfour largest producers
(James, 2012 Therapid increase in aquaculture production, along with intensification of the
production cycle has created a great need for ingredienfish feedWatanabe, 200ZFAO,

2010. Carnivore fish such as salm@@®@almo salarhas traditionally been feed fish meal and

fish oils from wild caught fish. Howevemhe increasedequirement of an intensified industry

putsa strainon the reservoirs of the wild figksed for fish meal and fish oil production.



Alternatives to traditional feed ingredients have been investigated for several years, and the
three main fish feed producers in Norway incorporates both marine and pgjeediénts into

their products. In 2010, Skretting reported a fish meal inclusion of only 15 %, and the marine
ingredients were only 50 % in the equival&gd from EWGS. Biomar hasevenestablished

its own sustainability program to ensure that only soatde ingredients are being used
(Ewos, 2011Skretting, 2010Biomar).

Experiments on replacing fish meal with plant protein have shown that it is possible to almost
entirely replace fish meal with plant protein as long as amino acids are balanced to meet the
nutritional requirementef the species in questigispe et al., 20Q@ orstensen et al., 20p8

The experiment by Torstensen &t (@008) showed that the aquaculture industry could be a
net prodicer of protein. Even though tagh amount of plant protein gave a reduction in
growth, by replacing 80 % of the fish meal with plant protein the salmon produced 2 kg
protein per kg fish méded which is four times more efficient that diets where the protein

source is 100 % based on fish material.

| f todayds devel opment continues, wi || t he
much on agriculture, including plantsbtained from geetic engineeng, as wild fish

populations.

1.2  Whatis genetic engineering

The amount ofGM plants in productionis increasing rapidly. Even though new and
improved techniques are emerging continuously there are still some basic principles that
apply forgeneral gene moddation. Initially the gene codinfpr the wanted trait has to be
located and isolated. The gene code is cultured and a marker gene is attached. Thereafter the
target and marker gene is injected into the DNA of the objects that isnodiéed. The new

DNA is placed in the cell, and by utilization of the marker gene the cell are controlled to
ensure positive transformatid¢Reel, 2001 Unsuccessfly transformed cells are eliminated

and rew plants are regenerataorh the single transformedlt. When the transformation is
successfully completed the new transgenic plant is tested for its new trait and can from then
on be bred conventional(ptella G 200Q Christou, 199%



1.2.1 Gene transformation methods
The plant pathogeAgrobacterium tumefaciensauses crovgall tumors upon infection of

dicotyledonous plantdéHoekema et al., 1983 The large tumor inducing plasmid (Ti plasmid)
is the causative agent creating the cigall tumors which contains TransfBNA (T-DNA)
(Hoekema et al., 1983 Gene transfer usindgrobacterium tumefacienguickly became
popular after it was proven a successful methodasfsferring full length genes expressing
antibiotic resistance into tobacco plabisBarton et al. (1983 the methochoweverhad its
limitations (Christou, 199% Agrobacterium tumefaciensorked well when introducing new
genes @ the dicotyledonous plants, nonetheldsssause of its host specificity the results on
monocotyledonous plant ( maize, rice wheat, etc.) remained glmhin and Klee, 1991
Years later, in 1988 new method was introduced using high velocity micro projectiles to
transport substances into cellsThe biolistic method is based on a mechanism that can
accelerate small tungsterarticles to high velocitymaking them able to cross cell walls
(Klein et al., 1987 Klein et al., 1988 An important step in this procedure is that the
bombarded cell surves and the micro particle cée transported bthe cytoplasmic stream.
Klein et al. (1987 showed that large RNA and DNA could be bound to the small tungsten
particles (4um), and therefore hgiable to successfully delivering biologigaactive RNA

and DNA into the cellsThe figure below shows a simplified illustration of the two methods

for gene transformation.
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Figure 1.2:The pictureillustrates the basic principles of the two maays of gene modification which are
described abovéPeel, 200L



1.3 Genetically modified maize (event MON 810) and Cry1Ab

The main purposefor genetcally modifying maize havéeen focused around agronomic
interestwith insect raistance ashe most commoriChristou, 199% Bacilus thuringensis
maize(Bt-maize)is a commercially availabl&M maize(Betz et al., 2000created by micro
projectile mbardment. The abbreviationBt refers to the soil bacteriumBacillus
thuringensisThis particular bacteriurproduces cryproteirs during its sporulation phasbkat

is toxic to insects of the Lepidoptera, Diptera and Coleoptera species. The European corn
borer, Ostrinia nubilalis, (EBC) belongs d the Lepidopterapeciesand is a commercially
significant pestn maize agriculturéKoziel et al., 1998 Koziel et al (1993) showed that by
incorporating te maize DNA with a synthietgene that coded for the cryth4orotein derived

from theB. thuringiensighe maize could produce the toxic ggotein. During field trials the
hybrid line (elite inbred plants crossed with traditional lines) showed successtdt
protection(Armstrong et al., 1995 CrylAb proteins bind to specific receptors in the corn
bor er 6 s,invading éhe dell nmembrane which thesidiegrategShimada et al., 2006

Bt -maize is approved for use in several countries today, with the assumptions of it being
target specifigMcclintock et al., 199bandonly able to bindo the EBC itestine.The event
MON810produced by Monsanto was approved within the EU both as food and food additives
and feed and feed additives in 1998, whilst it was approgedaay as 1996 in the US
(CERA, 2009. However, a study bghowdhury et al. (2003showed trace amounts of

crylAb protein in the gastrointestinal contents of feed GM maize.

Based on these findingShimada et al. (2006nvestigatd the effects of kylAb protein on
bovine, porcine and human intestinal cells. Thelstshowed that even though theyXAb
protein could slightly bind to thierush boarder membrane the toxin madadverse effects on
the cells, supportinthe initial theory that therg 1Ab toxin s not harmful to other spes,
although indicating thatrglAb can bind to other intestines than the ECB. Geeatern has
also ben raised around the larvae of the monarch buttdd#yaus plexippussince thg are
closely related to the ECBn enclosed laboratory experiments the monarch butterfly larvae
showed a slight effect to theyd Ab toxin from the event mon81Bielimich et al., 200}, but

the levels in the laboratory where mualgher than what wouldccur in naturgdHellmich et

al., 2001 Anderson et al., 2004



The knowledge gaps connected to the cry proteins and their potential risks of inducing
adjuvant effects and possiblyciease the intestinal peeability has resulted in a newealth
risk evaluatn of cry proteingVKM, 2012).

1.4 Genetically modified maize (event MON 810) in fish feed

Although several studies have aimed to investigate potentially adverse effects cdi@dan
animal feed, few studies have focused on GM maize as an ingredient in figSiessher et

al., 2011h. Sissener et al. (2011lsummarizes the fish feeding trials with GM products
including GM maize (MON 810) that has been published in scientific literature. The first trial
was performed using Atlantic satm (Saimo salarL.) in an 8 month study The study
concluded that, at an inclusion level of 6 % GMON 810), there was no apparent adverse
effect of feeding GMmaize compared to traditional maize ingredients regarding growth,
intestinal health and nutianal factors(Sanden et al., 200%5anden et al.,, 200@Bakke
McKellep et al., 2008 A shorter stdy of 82 days, also performed wittalmon, wih
increased inclusion levels from 15 30 % GM maizeresulted in reduced feed intake and
growth whilst there was an increase in liver size aisthbintestinhmass. There weralso
observedncreased activity o€uZnSODin both liver and distal intestinevhilst there was a
reduction in catalase (CAT) activity in theer (Sagstad et al., 20D7There was an increase

of maltaseactivity in the mid and distalintestinal segment and increased glucose uptake in
the pyloric caecgdHemre et al., 2007 An inteesting increase in granulocyte level was also
observed inthe fish fed GM maize(Sagstad et al., 20D7 IncreasedCuZnSOD gene
expression was also observed in zebrafidanfo rerio) liver by Sissener et al. (2000

However, growth was increased for the GM feed group.

The research on GM maize on fish is inconclusive both regarding cause ancheflesdfety

of one GM event does not necessarily extrapolate to others. Funistigating the
deviating resultsSissener et al., (201lanalyzed the GM maize form the Sagstad et al.,
(2007) trial and foundhiat the levels of the mycotoxiteoxynivalenol(DON) was much
higherin the GM maize ingredient creating a possible explanation for the observed effects of
the fish fed the GM maize feed suggesting that more knowledge is required on the effect of

low mycotoxin contamination in feed in order to distinguish these from pait& effects.



1.5 Mycotoxin contamination in plants

Mycotoxins are secondary metabolites of fungi as they appear to have no effect on the growth
or development of the fung@s described by Pitt (1996)heir presence is estimated to have
occurred for agong as crops have been grown, while occurrence was first determined in the
early 19604Richard, 200Y. Initially, the toxinswere considered only a storage phenomenon

where molding caused by incorrect storage was thought to be the reason.

Updated knowledge shows that several of the mycotoxins can be formed during the growing
phase of the crops ithe field (Richard, 200Y. Large variability in mycotoxins is observed
betweenocations and growing seasons both in GM and@dhmaize.The general trents
however, reduced levelsf mycotoxinsin Bt -maize compared with conventional maize
varieties, due to better resistance agasariumspp resulting inlimited inse¢ damage to

the plant(Bakan et al., 20QZPapst et al., 200Dowd, 2000 Munkvold et al.,1997. The

effect of the toxinson humans and animatsan be both acute and chronigvith toxicities
ranging from death to deleterious effects upon the central nervous, cardiovascular and
pulmonary systems, and upon the alimentary t(Bennett and Klich, 2003 Mycotoxins

may also be carcinogenic, utagenic, teratogen and immunosuppressivéSmith et al.,

1995. Amongst themycotoxins, aflatoxins have received the greatest attention. Aflataxin B

is the most potent hepato carcinogen known and is also known tednzsed acute poisoning

with fatal outcomegPitt et al., 2000 Although several of the other mycotoxins are not as
toxic, they are much more prevalent that aflatoxins. Deoxynivalenol (DONYJichathecene
mycotoxinsproduced byspecies in théusariumspp(Vesonder et al., 1973nd is one of the

most common contaminants of wheat, maize and barley worldRiolter, 1996Bretz et al.,

2006. Out of 200 randomly collected field samples in southern Europe were 139 positive for
DON contamination with kels ranging from 0.253 to 3.14 ppm (mg/K@riessler et al.,

2010.

1.6 Deoxynivalenol

The growth of thdusariumspecies is associated with weather conditions, and the growth of
DON favors cold and wet surroundings both in field and sto(&gsonder et al., 1973
Generally, lowerlevels of mycotgins are foundin Bt -maize, althoughregarding DON

specifically, the relationship isohso cleafOstry et al., 2010



Analysis of severaBt -maize batches here at NIFEBw increased DON it -maize but

the variability is large (unpublished data).

When DON was discoveretl was initially named vomitoxin based on theeeff it had on
swine fed contaminatetted. Pigswould refuse to eat the contaminaterdps, and vomit
when ingestinggsmall amountgVesonder et al., 1973Research shows that swine is highly
sensitive to DON exposurghere consumption of-10 ppmcauses decreased feed intake,
reduced growth and impartment of the nutritional efficieRptter, 1996 Young et al.,
1983.

There havealso been reports of changes is blood parameters in pig feed contanseated
although these changes alifficult to separate from the decreased feed intake and nutritional
status(Young et al., 1983 Rotter et al. (1994examined leucocyte level after feedifayv
doses of DON to swine and fourtat leucocyte level increased after one week, and

decreasedfter28 days for the diet containing 3 ppm DON.

In general, there are great differences between sensitivity both among species and specific life
stages, comonly theanimals are arranged by decreasing sensitivity as pigs > mice > rats >>
poul try &Rottey M96Riehard, 200Y.

There is a lack of knowledge regarding thiects of DON on aquatic animals as plant
ingredients have traditionally not been used in feed for aquacultured aniReakntly an
experiment byHooft et al. (2011 showed that aquatic animals can be extremely sensitive
Rainbow trout ©ncorhynchus mykissfed concentrations of 0.3 2.6 ppm naturally
contaminated DON showed decreased feed intake, reduced growth and lower feed efficiency
with increasing DON concentration. There has also been an experiment with raiobow tr
earlier which also states that this specie is highly sensitive to DON contamifvaboxward

et al., 1983

In addition to feed refusal, DON has been reported to cause reduction in tissue protein
synthesis in kidneys, spleen aieum of pigs, while no effects were observed in the liver,
pancreas, duodenum or jejunuf@anicke et al., 2006 Reduced protein synthesis and
inhibition of RNA and DNA at the ribosomal level are established effects of DiRdter,

1996 RobbanaBarnat et al. 1987 Kouadio et al., 2005 Kouadio et al. (200breported of
alterations in the cell membrane peahiity and structure iim vivo experiments with human

intestinal cells.



Theimmune systenis sensitive to DONnduced immunosuppressiavhich arises from the
vulnerability of the continually poliferating cells that participate in immunmediated
activities (Oswald et al., 2005

Vaccine immunity is also lowered by DON which could have huge implications for
vaccination effects in combination with feed contaaiion (Pinton et al., 2008 DON can

also affecthe mitochondrial metabolism through succinate dehydrogenase activity, which is a
key enzyme in aerobic energy production in both eukaryotic and prokaryoti¢@g#idotun

and Lemire, 2004

Cytotoxic effects were also found when investigating the effects on DON on different fish cell
cultures(Pietsch et al., 20)1 Reactive oxygen species (ROS) was reduced in all cell lines,
even though there were distinct differences among species whichaiiissthat even amongst

fish thereis great differencén susceptibility.

1.7 Risk evaluations of GM feed ingredients and zebrafish as a
model

Risk evaluations of GM feed ingredients shiwconsider several elements, one betimg
guestion of substantial equivalence. Substantial equivalence relates to any unintended
effect(s) introdued by the process of genetiengineering (Aumaitre, 2002 When
performing risk evaluation®of GM feed ingredientsnearisogenic lines are generally
recommended as the n@M control. However, there is no perfect control as shown by
previous studies with differences in e.g mycotoxin levels between GM am#rsogenic

control line. When unitentional differences are present, where some may be due to the
modification and others may be due torage conditions or productiahis challenging to
interpret the cause of the observed differences in animals fed these plants. It is therefore
alwaysthe investigators responsibility actiallengeto try to distinguish between effects that

are related to the modification and effects that are related.gstorage conditions or

production.

The zebrafish@anio rerio) is a teleost which belongs to tlyprinidaefamily which has

been a successful model for studying vertebrate development for a lonfyaimder Sar et

al., 2003. Zebrafish was initially used by developmental biologist as a model organism,
however the advantages of the zebrafish has become apparent to other scientific areas

including toxicology in more recent tingelill et al., 2005.
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The advantagesf this fish, compared to other popular research animals like rodents and
bigger fish, is that the small zebrafish reduces cost both regarding husbandry and feed
amount. Having a sequenced genome has contributed to establishing the zebrafish as an
adequategenetic model and has shown several examples of the structural and functional
conservation of genes across all vertebrates. Despite its small size, analysis of the whole
organ, tissue, or the intact organism is posgidkrnandez and Allende, 200&Regardless of

its popularity, there are few studies investigating the nutritional requirements of zebrafish
(Drew et al., 2008Sissener et al., 201GomezRequeni et al., 2030In the present study,

the zebrafish were selected to evaludietary rsks of GM maize (cryl®) and DON on
zebrafish performance, mid intestine gene expressions and the white blood cell population.
Our model may pinpoint if DON could be a confounding factor when performing GM feeding

trials.

1.8 Mid-intestinal gene expression

Table1.1 shows the ten genes that weedected to evaluate the differences in-migstine

gene expressions for the fish. It also gives a brief explanation to the choice of each specific
gene, which are based either on general knowledge mongethe regulatory effects of the
gene or direct findingin previous trials with either GM maize or DON contamination.

11



Tablel.1: Thedifferent genes selected to evaluate intestinal health of the zebrafish.

Gene

Reacion mechanisms and previous finding

Cyclin G1

Controls cell progression in the cell cycle. Can be changed by alterations in growth parameters. |
negatively regulates cell progression.

Proliferaing cell nuclear antigen

The protein encoded bthis gene is found in the nucleus and is a cofactor of DNA polymerase delts
encoded protein acts as a homotrimer and helps increase the processivity of leading strand synthesis d
replication.

Apoptosisrelated cystine peptidase Caspase 6

Involved in the activation cascade adspasesesponsible for apoptosis execution. Cleaves poly (AD&se)
polymerase in vitro, as well as lamins.

Interleukin 6 receptor

Deoxynivalenol contamination is linked to an up regulation ofipflammatorycytokines which could inhibi
cytokine signaling and effect growth.

Cytochrome P4®, family 1, subfamily A

A detoxification marker connected to phasresponse. Induction of cypXAn provide an early warning mark
of exposure toxic pollutants.

Solue carrier family 5 (Na/glucoseotransporter)|
member 1

There was an increased glucose uptake in salmon feed GM (iHairee et al., 2007

malaseglucoamylase

Higher maltase enzyme activity was observetHemre et al., 20QAvhere they used GM maize.

Danio rerio ghrelifobestatin preprohormone

Ghrelin regulated appetite which is one of the maftects of deoxynivalenol contamination in feed.

Mitogenadivated protein kinase 1

Many natural toxins that inhibit translation such as DON are also effective activators of MAPKs
mechanism known as ribotoxic stress.

Copper zinsuperoxide disntase

Belongs to enzymes that catalyze the dismutation of superoxide into oxygen and hydrogen peroxide
them important antioxidant defense in nearly all cells exposed to oxygen.

12



1.9 Aims of study

This study aims to dtinguish between primary (ckfb) and secondary factors (DON) found
in the GM maize feed ingredient by investigating:

1) If GM maize (event MON8I)(containing both factors (crybAand naturally contaminated
DON) is as safe as conventional maize when fed to zebrafish for 45 dayslingtiagafish
performance, intestinal mMRNA levels and differential counts of the white blood cell

population

2) If there is any doseesponse effects of synthetic DON when fed to zebrafish for 45 days by
evaluating fish performance, intestinal mRNA levetsl aifferential counts of the white

blood cell population

13



2. Materials and method

2.1 Animal experiment

The animal experiment was carried out at the Zedtrdaboratoryfacilities at the National
Institute of Nutrition and Seafood resea(BHFES). Zebrafish(Danio rerio) (figure 21) was
of the inbreed strain AB wild type reared in the experiment facilities upon startingrtrel.

trial was approvetlty FDU (approval number ID 2426)

Figure 2.1 Zebrafishanio rerio) used forthe presentrial (fichchannel.com, 2030

2.1.1 Experimental design
The experiment was carried out AHAB multiple rack zebrafish system (Aquatic habitats,

Aauatic EceSystems, Apoka, USA). Reverse osmosis and automatiadsdifigwas used to
treat the intake water. Filtration was done by UV, mechanical and céilteonTemperature,
salinity and oxygen was registeredery day and measur@8.5 +0.5°C, 500 + 30uS/cm and
above 90% respectively.Photoperiod was 14ght:10 dark.

Bt -maize feeihg trial
A total of 60larvaewereincluded in theBt-maize feed trial. Priato the trial initiation the fish
were weighted and divided into two groups where one wa&Mdnaizeand theother fed

the equivalent nedasogenicline. Each dietonsisted of tree individudl liter tanks (n = 3)

14



DON feedingtrial
351 Zebrafish levae were divided into six different groups. Each group was feed one of six

diets only differing in the amount afldedsyntheticdeoxynivaleno{DON).

Control (n=4); <20 ug/kdpON, low (n=4); 108 ug/kg DON, edium (n=5); 84 ug/kg DON,
medium high (n=5)1543 pg/kg DON, high (n=4); 2002 ug/kg don andhhhigh (n=5); 3022
pg/kg don.The water supply for the control group weeparated from the other in caseny
leakage of DON from the feed into the watklt. groups were kept in 1,5 liter tanks.

15



2.2 Feedingredients and diets

Prior to feed preparation, tH&t-maize and the conventional hybrid line were analyzed for
mycotoxins at the premier analytical services in London by lipuads spectrometry (L-C
MS). The results are presentedTable 2.1.

Table2.1 The amount omycotoxins (ug/kg) in the two different maize ingredients (GM maize and non GM
maize).

Amount (ug/kg)

Toxin GM maize Non GM maize
Deoxynivalenol (DON) 769 39
Aflatoxin B1 <0.1 1.8
Aflatoxin B2 <0.1 0.1
Nivalenol (NIV) <10 10
Fumonisin B1 22 114
Fumonisin B2 <10 22
Fumonisin B3 <10 15
Zearalenone (F2, ZON, ZEA) 8.5 <3.0

The diets were produced in laboratories at NIFES. The diet production is based on the mixing
of three different fractions. The gelatin/cara y | | pink was dissol ved
9:1 ratio (water: gelatin, w/w) before all the dry ingredients and the oil mixture were carefully
added. The feed blend was mixed in a conventional kitchen machine until homogenous. For
the DON diets was &oxynivalenol (Sigma Life Science, St Louis, MO, USA) dissolved in
water and added to the gelatin/carophyll pink solution. The feed paste was poured onto a
labeled baking paper covered tray and then dried at low temperatures (40°C) in an oven
before it wagyrinded sieved and stored-&B °C. Maize was used as the main source of starch

in the Bt-maize trial with an inclusion level of 19%. Dextrin was used as the main source of
starch in the DON trial wit an inclusion level of 16%Table 2.2 and 2.3 showthe

ingredients for th&t-maize feed trial and DON trial, respectively.
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Table 2.2: The approximate composition of the experimentad dgettaining GM maize and ngBM maize.

The specification of each ingredient is listed in appehdix

Ingredients Composition (%)
Casein sodium salt 40

Gelatin 12

Cod liver ail
Rapeseed oll
Maize

Dextrin
Lecithin
Mineral mix
Vitamin mix
Aminoacid mix
Astaxanthin
Betain
cellulose
Analyzed
Crude Protein 53
Crude Fat 13
Starch 16
Total carbohyrates 23

[{e]
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Table 2.3 The approximate composition of the experimental diets containing increasing amounts of
deoxynivalenol. The specification for each ingredient is listed in appéndix

Ingredients Composition (%)
Casein sodium sal 43
Gelatin 12
Cod liver oil 3
Rapeseed oil 9
Dextrin 16
Cellulose 5
Lecithin 1
Mineral mix 5
Vitamin mix 1
Amino acid mix 1,4
Astaxanthin 1
Deoxynivalenol mg kg' (ppm) 0,0.1,0.5, 1.5, 2.0, 3.0
Betain 1
Sucrose 1
Analyzed

Crude Preein 56
Crude Fat 13
Starch 17
Fiber 5
Analyzed 93
Not analyzed rest 7
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2.2.1 Trichothecen in the feed
The feed samples wesmnalyzedat the veterinary institute usirgas Chromatographyass

spectrometry (GE@/S) according to the method afngseth et al. (1998with only minor
changes. The whole salapwvas ground andomogenized25 gwas extracted with 125 ml
acetonitrilewater (84+16, v/v) for one hourplfowed by purification on a Mycosep 225
column (Romer Labs, Whashington, USA). A 3 ml aliquot, corresponding to 0.6 g of the
sample, was evaporated to dryness, and derivatised with pentafluoroprogndryidride
(PFPA). The MS was operated in electron iagp (EI) mode, measuring-3 ions per
compound in selected ion monitoring (SIM) mode. The triche#thes nivalenol (m/z 896),
deoxynivalnol (DON)(m/z 734), HI2 toxin (m/z 555and 572) and-Z toxin (m/z 407, 452,
468). The values given in the brackets #re ions of measurement of each toxin. Two
internal standards were added to the extracts after purification to compensate for variation in
the instrument response during the run. The internal standards that werecusddsarenon

X (for DON and NIV) andneasolaniol (for HF2 and T2.

An external standard calibration curve was used for quantification. The detection limit was
20-30 pg/kg for the toxinsTable 2.4 and 2.5 shows the amoahDON, HT-2, NIV and T2

for the experimental diets ftine Bt i maizefeeding trial and DONfeddingtrial, respectively.

Table 2.4 Tle amount, pg/kgof the mycotoxindeoxynivalenol DON), HT-2 toxin, Nivalenol (\NIV) and T2

toxin in the two experimental diets.

Mycotoxin ( ug/kg)
Feed DON HT-2 NIV T2
GM maize 80 <20 <30 <30
Non GM maize <20 <20 <30 <30

Table 2.5 The amount, pg/kgf the mycotoxindDeoxynivalenol DON), HT-2 toxin, Nivalenol (\NIV) and T2
toxin in the diets containing increasing amounts of DON.

Mycotoxin ( ug/kg)

Diet DON HT-2 NIV T2
1 <20 <20 <30 <30
2 118 <20 <30 <30
3 534 <20 <30 <30
4 1543 <20 <30 <30
5 2002 <20 <30 <30
6 3022 <20 <30 <30
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2.2.2 Feeding
The fish werded twice every day, where first feeding was within tinst hour of lightand

the second around eighburs later.The quantity of feed given toeach tank was weighted
each day to carefully control that all the groups had been given theasaoomt of feedThe
fish were monitored during feeding tietect any diffeence in appetite between the groups.
During the first veeks of the trial the larvae weled approximately 10 % dheir body mass
based on the mean starting weightl estimated growing rater zebrafish The feed quantity
was gradually reduced @3 % of body mass at the end of the trieked particle size as

gradually increaseftom 315400 um to 560700 um atthe end of the feeding trial.

2.3 Sampling

Bt -maize feeithg trial

After 45 days of feeding (75 days post hatch), ten fish were sampled &omtank and
weight and length determined. The intestine was carefully dissected out from six fish per tank
and preserved in liquefied nitrogen and stored until analy861°C). Blood was collected

from four fish.

DON feedng trial

After 45 days of feding (75 days post hatch), seven fish were sampled from each tank and
weight and length determined. The intestine was carefully dissected out from four fish per
tank and preserved in liquefied nitrogen and stored until analy88d°C). Blood was

collectal from three fish.

For both trials,lte sampling was performed one tank at the time; therefore, to obtain the same
feed status (14 hours post feedinigh were fedat different hours according snsampling
schedule the last day of the trial. Prior samtling the fish were euthanized by immersion in a
mixture of ice and water as describedWyison et al. (2009 Each fishwere weighed to the
nearest @1 g, measured to the closest mm and sex was determined. The collected fish were
randomly distributed to either dissecti@intestine)or blood sampling. During dissection the
intesine was separated from the connective tissuetlamanid intestinevas frozen in liquid
nitrogen The blood was collected by tail cutting. The tail was cut posterior to the anal fin and
blood was collected into a heparinized capillary tube held towardxfesed caudal vessels.

An approximately equal amount of the collected blood was carefully placdteand of a

glassslideto produce blood snags.
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Anothe glass slide was placed in front of the drop and pulled towards the drop at a 45 ° angle
to smeathe blood dropletWhen the second glass slide iite drop it spreads and the glass
slide is pushed gently forward to create a thin layer of cells. An illustration pfdkceduras
showed in the figure 2.3The glass slides were left to air dry befahey were fixed in

methanol and stained.

(::‘g'_—;::"‘-—) > (_n;:‘:_ ~ C— —
® @ @
U [ ]
/
4 X B
48 ‘ |
| '.." DRtz |
b

Figure2.3: How to create a blood sme#&Cytopath, 2009

2.3.1 Staining procedure
May-grinwdd (Merck KGaA, Darmstadt, Germanygnd Giemsa(Merck KGaA, Darmstadt,

Germany staining solutionswere usedto stain the blood smears. After being fixed in
methanol, the glass slides were immersed equal parts of Magrinwal color solution and
Sgrensens phosphate buffer solutigpH 6.8) for 5 minutes. The slides were directly
transferred to a 1:10 mixture of Giemsa color solution and Sgrensens phosphate buffer
solution for 15 minuteslo rinse & the excess color the slides were washed several bgnes

immersionin Sgrensesns phosphatgfer solution before air dried and stored.
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2.3.2 White blood cell count
The lymphocytesvere characterized by thicleus that fills most part of the cell, whilket

monocytes have a kidney shaped nucleus and therefore more visual cytoplasm. The
granulocytes are characterized by the split or granulated nutiesshke et al., 2001100

white blood cells were counted ferach blood smeaiThe cells were differentiated into
lymphocytes, monocytes and granulocytéke cells were differentiated at 40 (®lympus
BX51),and pictures were taken from each slidé&on DS Fil).Figure 2.3 gives an illustration

of the different lecocytes.

@@ o 9

Neutrophils Basophiks Mono cytes
Lymphocytes

Non-granulocytes

Granulocytes

Figure 2.3: The picture shows the three different types of leucocytes that were differentiated between
(Walgreens, 2011

24 Cry 1Ab examination and Quantitative Real-Time reverse
transcriptase PCR

2.4.1 Cry 1AB protein analysis
Principle

The test forcrylAb proteinis a direct Dable Antibody Sandwich (DAS) ELISA. Antibodies
specific tocrylAb have been coated to the test wells of a micro playlfAb protein or

crylAc prokin is present in the sampiewill bind to the antibodies anlle captured on the

micro plate. An enzym conjugate is added to detect any captured protein. After a short
incubation the micro plate is washed to remove any unbound enzyme conjugate and sample.
TMB substrate idded to the micrplate. If theconjugate is present a color will be produced

signifying the presence afylAb or crylAc.

Procedure
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The testsamples consisted of the GM®@aize and the non GMO maize, the GMO feed and
the non GMO feed.

In additionwastherea fifth sampleof extruded salmon feed that had been used for a previous
feeding trial with GM maize, to investigate if the extrusidrfeed affects the presence o<
protein The salmon feed sample was includednvestigate breakdown ofyeprotein during
normal feed processeall other components of the test were found ie Bt -crylAb/1Ac
ELISA Kit (agdia®). An equal amount of the samples was weighted and mixed with 1 X
PBST buffer at a ratio of 1:10 (tissue weigh g : buffer volume in ml).The enzyme
conjugate was diluted with the RUB6 enzyme before 100 pl was dispiensegich test well

A color grid was created based on the provided control sample that was dduted &br
each grid decreas@he test samples wereadded to the wellsvith four parallels for each
sample. After incubation for 2 hours at room temperatuhe plate was emptied and
thoroughlyrinsedwith the 1 X PBST buffer. When all excess liquid had been removed the
TMB substrate was added to the test wells and the plaseincubated for 20 minuteghe
results wereevduatedboth visually andneasuredvith a plate reader at 650 nm.

2.4.2 RNA extraction by Qiazol
Principle

RNA is extracted using the principles first describedGhomczynski and Sacchi (1987

Their method is based on the chemicakki whilst the extractioprocesdor this studyuses

Qiazol which is a&hemtal equivalent to the original procedure except lower in cost.

Qiazol denatures the proteins and ruptures the cell walls allowing the nucleus protein to
separate from the nucleic aci{€homczynski and Sacchi, 2006The tissuesample is
homogenized in Qiazol.@oroform is added tgeparate RNA from DNAvhich splitsinto a

pink organic phase and a clear aqueous phase where the clear supernatant phase holds the
RNA. The addition of isopropanol precipitates the total RNA.

Procedure

All areas and equipmenised during RNA purificatio weretreated with RNAse Zap to

remove any RNAse that can contribute to degradation of the. RN& whole tissue sample
wastransferred quickly to precellys tubes containingnl of giazol lysis reagent (QIAGEN,

Norway) with 3 zirconium beadsfnd homogenzed at 600 rpm in 3 x 15 seconds with 10

secondsnterval (Precellys 24 lysis & homogenization instrument, Bertin Technologies)
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After homogenization200ul of chloroformwasadded the tubedirmly shaken and inabated
for 3 minutesat room temperatureefore centrifuged at 12000 g for 1lBinutes at 4°C
(Eppendorf Centrifuge 5415 Ryhe supernatant wasansferred to 15 ml RNase ffee tubes
containng 500 pl of isopropyl alcoh@nd stored at 4°C for 1 hour.

Centrifugingthe tubes at 12 00 g for 30 mies at 4 °@avesmall RNA pelles at the bttom
of the tubesThe pellet wasvashed by removing the supernatant usisgiction pipettéIBS
Integra Biosciences, Vacuboy, Switzerlaadd shaken witiml of ice cold 75 % EtOH with
diethyl pyrohydrocarbamte, DEPC treated water. The tubes werevortexed before
centrifuged at 1@00 g for 5 minutes at 4°@\gain the supernatant wasscarded. The RNA
pellet wasleft to dry completely before it wadissolved in30ul double distillatedwate
(MilliQ biocel) and stored at30 ° C.

2.4.3 RNA quantification and purity
Principle

The amount of RNA is measured usiagpectrophotometer (Nanodrd{D 1000, Thermo
Scientific). The nanodrop also gives an gadion of purityof the samplesAt 260 nm RNA

has it highesabsorption and iis the most correct wavelength to indicate RNA concentration

in the sampléimbeaud et al., 2005The ratio ofthe absorbance at 260 and 28Q¢6/A 2s0)
indicates purity of the sample. However, the A260 measurement might be compromised by
the presence of genomic DNA leading to egstimation of the actual RNA concentration.

The A280 mesurement will give an estimatef the presence of proteiput provides no
information on possible residual organic contaminants which is considered at 230 nm. Pure
RNA will have Acsd/Azzoequal to AsdAzsoand greater than 1(8nbeaud et al., 2005

Procedure

1.5 pym of asample was loaded onto the measurement pedestal of the Nanodrop
spectrophotometer (ND 1000hermo Fish Scientific Surface tension between the lower and
upper pedestal held the sample in placenduthe measurement. The RNA concentratiod a

ratios werdirectly presented othe connected computer screen.
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2.4.4 Second precipitation
Principle

The samples that hddw quality when measured on the nanodrop were precipitated a second
time to improve puty. For the final results to be reliable the quality of the samples should be

approximately equal.

Procedure

The samples weradded 70 pl of double distillated water (dd}}, 250 pl of absolute ethanol
and 10 pl of a 3M sodium acetate solution andestan- 80°C over night. The next day the
samples were centrifuged at @20 g for 30 minutes at 4°C resultingformation of a new
RNA pellet at the bottom of the tube. Thapernantant was removed and fiedlet was
washed with 75 % EtOH with DEPC tredtwater, vortexed thoroughly and centrifuged at
10000 g for 5 minutes at 4°C. After centrifugation the supernatant was removedieand a

the pellet waslried completelyasit dissolved in 30 ul dd,O.

2.4.5 DNAse treatment
To ensure that there were no DNESt in the samples they were treated with a Dfvée kit

(Ambion® DNA free™ Invitroger). Reagents for the entire procedure werend in the kit

Each sample waadded 3pl DNase | buffer and 2piNase | enzyme and incubated at 37°C

for 30 minutesAfter incubation the samples wesed ded 5 Ol of t he fisl
DNase inactivation reagembrtexed and incubated for 1 minute at room temperature before
centrifuged at 1000 g for 1minute. The grey matter of the ina@tion reagentreated a

massat the bottom of the tubdeaving a clear supernatant to be transfetoeal new 15 ml

RNase free tube.

2.4.6 RNA quality on bioanalyzer
Principle

The bioanalyzer provides electrophoresis separation of small amounts of RNA when high
voltage isleadto sampes in solution. The separation is based on molecular weight and is
detected via fluorescencd’he amount of detected fluorescence correlates with RNA of a

certain size and is visualized aseectrggherogram(AgilenTechnologies, 2008
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An RNA Integrity Number (RIN) is given to each sample, which is a measure ohdiagpn
of the RNAbased on the graphs atitis rulingout manual interpretatiod he values range
from 1 to 10 where RIN1 indicates tatlly degraded RNA and RIN 10 signifiegact RNA.

Procedure

The quality of the RNA was measured usirBjoaAnalyser (RNA 600 Nano, Agilent
TechnologiesGermany and the samples wepgepared with a chip priming station (Agilent
Technologies) anthe600 nano labchip kitt (Agilerifechnologies

0.5 pl of dye concentrate was added to a small tube contaBHrigulfilteredgel.

The mix wasthoroughly vortexed and centrifuged 48000 g for 10minutes (Eppendorf
centrifuge 5415 Rat roomtemperatureSamples with RNA concentration above S@§ul
was diluted with ddbD and allsanples weredenatured af0 °C for 2 nin before analyzing
The 600 Nano Chip was added the-dg¢ mix, anano marker and 5ul of eachnsale.
Before it was runn the bioanalyzewas the chiprotexed for at 2400 rpm for 1 minute in the
IKA vortexer (KA®Werke GmbH & Co. K@ An example of thaesult presented by the

bioanalyzer is found in appendix Ill figure A.

2.4.7 Preparation of cDNA
Principle

In advarce of quantitative real rtie polymerase chain reactionRGR RNA is transcribed

into complementary DNA (cDNA) by the enzyme reetranscriptae.

Procedure

The cDMA tray (96 AB gene PCR plate, Thermo Scienjiftonsistedof standard solutions
and the RM samples, kin triplets. In order to preparine standard solutipmfip o ol 6 o f
the samples was mad@ he fApool 0 consifremh all the fsampledThe n g
standards100 ng/ul, 50 ng/ul, 25 ng/ul, 12.5 ng/ul, 6.25 ng/ul and 3.125 nd#16%) were
preparedu si ng t he s amp,0 watefiAll the RNA samplds wdrdiltted to a
concentration o025 ng/ul £ 5%. A real time reattons mix was added to the wells prior to the
standards and the sampl&be specific amount of the reagents for the reaction miistied in
appendixlV B. 20ul of the reactiomix and 10 pl of a sample weeglded to eacbf the 96
wells in addition totwo negative controls; non application control (nac) consisting of the

reaction mix without the multiscribe enzyme angoatemplatecontrol (ntc) withouRNA.
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The Real Timeplate was covered bgn RNase free rubber mat beforentrifuged at 50 x g

for 1 minute (Eppendofr centrifugeB20 R). The transcription togilace in a PCR machine
(Gene Amp PCR System 9700 PCR machine, Applied Biosystems) during a specific thermal
cycling programThe specifications are showed in appen#fixC.

When the program wdmished theRT plate wagliluted with 30ul of ddHO, covered with a
plastic film andstored at20°C.

2.4.8 Preparation and testing of primers
Principles

The primes from Invitogem table 2.1were tested before they could be used for gPCR.
test is perfamed with rever® transcriptase(RT) and polymerase chaireaction (PCR
preparedn one tubeThereafter the products are run in an agar gel to verify that the primer

pair creates strong bonds

Procedure

The primes were dilutedith TE bufferbased orthe concentration of eachimer. A master
mix containing aRNA template, dNTPRT-PCR enzyme mix and buffdQIAGEN) was
preparedThe amounts are preseniedappendiXV A. The reaction mix was addedorward
and revees primer. The tubes were subjecténl a thermakycle in the PCR machinéGene
Amp PCR System 9700 PCR machine, Applied Biosysterikg specific times and
temperatures are showed in appendii.

The products werestored in 4°C over nighAn agar gel was prepared with agar power and 1
x TAE heated in a conventional microwageen The products from the RPCR reaction
were mixed with a loading buffer in a 1 to 6 ratRunning buffer (1 x TEA) covered the
whole gel. A DNA ladder/marker was loaded in the well next to the sample. Afteeciomy

the wires the voltage was set and the gel was run before it was photographed in gel doc.

2.4.9 Quantitative real time polymerase chain reaction
Principle

The quantitative Real Time polymerase chain reaction is based gmitkcgoles behind the
PCR mehhod which was developed by Kary Mullis during the 198Bssically PCR can
amplify small specific cDNA sequencard produce high numbers of identical sequencas

short time to be usddr further analyseubista et al., 2006
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The invention of Real Time FCmade it possible to monitor the amplification progéssdan

etal., 2009. There are basically three steps for gene quantification.

The first is the previous described reverse transcriptase reaction which turns DNA intp cDNA
which is amplified through PCR and then detected using quantitative Real TimeFBCR.
eadt cycle during the PCR reactitice number of cDNA is doubled.

There is a need for two oligonucleotide prime#sich have the complimentary sequence to
the DNA templatao amplify the specific DNA strainsThe reaction also requires theat

stable DNA ptymeraseenzyme, the four nucleotide triphosphates (dNTPs) and magnesium
ions in the buffeKubista et al., 2006 During each cycle the temperature is increased to
separate the double stranded DNA (dsDNA), lowered to anneal the primers to the template,
and incrased again to optimize themperature for thprocessvhere the dNTPs extends the

primersas illustrated in figure. 4.
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Figure 2.4: The PCR temperature cycle. Initially the temperature is raised to melt the dsDNAeand
lowered to let primers anneal and conclusively raised to let the polymerase extend the(plilvista et al.,
20086.

To be able to detect the amount of DNA produced a fluorescent probe is added to the primer

mix. The probe binds to the DNA products and gif@ a fluorescent signal that correlates to
the amount of DNA produced.

Figure2.5 shows the different phases of the PCR reacbaoming the first cycles the signal is
low, then when the amount increases the signal increases exponentially untihésrea
plateau where is saturates due to limitations of the reaffemssta et al., 2006 It is not the

saturation level that provides information on the amount of Og¥&sent;i t 6 gespbrisee

curve that shows the difference in the initial amount of DNA.
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The quantification is achieved by comparirfgetnumber of heat cycleseded to reach a set

signal level referretb as the CT Jae as illustrated in figure 2.5.
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Figure2.5: The phases of PCén the left sidéVanGuilder et al., 2008nd Gycle curves and CTvalueson the
right side(Kubista et al., 2006

The CT value is inversely proportional to the amount of a specific DNA sequence in the
original sample, and can therefore be used to determimeltia/e quantity of theexpressed

gene. Housekeeping genes are used as an internal reference to the gene in(Jaiestibal.,

2006. The CT values of the housekeeping gene are used to normalize the differences among
the differem DNA sequences by compensating for biological differences. Tas¥eno
universal housekeeping genasuallygenes which are expressed constant in the tissue for the

samplen question is chosegiKubista et al., 2006

Procedure

The RT-platewith the previouslyprepared cDNAwvas centrifuged at 100 x g for 1 minute and
vortexed at 1100 x g for 3 minutes before use.

The reaction mix consisted of forward and regegpsimer pairs, SYBR GREEN master
reagent and ddiD. The list of primers is presented belawtable 21, and thereaction
reagents are listed in appentkB.

8ul of the reaction mixrd 2 pl of the template cDNA weteansferred to a 384ell real

time PCR plate by a roboBiomeck 3000 Laboratory Automation dkkstation, Beckman
Coulte).The qPCR reain consisted of 45 cycles and was carried out by a LightCycler 480
(Rochg. The belonging software presents amplification curves and CT values.

The calculated efficiency and error for the standard curves was acceptable at respectively 1.8

2.2 and below ©@4.

28



2.5 Equations and statistical analysis

The condition factor and spéci growth rate for the fish werealculated to measure fish

performance using the equations presented below.

Weight(g) » 100
Length3(cm)

Conditon factor =

(Ininitial weight(g) — In final weight(g)) * 100
Days

Specific growth rate =

The real time quantitative PCR gene express@@a fromthe mid intestine weraormalized

using the normalization factor acquired from geNorm algorithm.

The statistical analysis was performed using the graph pad fvismeion 5.04, Graph Pad
software ®).0One of the main criteria fomnalysis was that the datwere okdined from a
population that follows Gaussian distribution. The normalized data were therefore tested for

normality using the d'agostino and pearson test from the graph pad prism 5 software.

St u d etast was usédn the datdrom theBt-maize trial to determine if therevere any
significant differences betweehe parameters related to growth performamesight, length,
condition factor or specific growth rgtemean normalized expressions (MNE) of the -mid

intestine and differential count wfhite blood cells.

One way aalysis of variance (ANOVA) was usedn the data obtained from the DON dose
respons triato identify if there were any ffierence betweethe parameters related to growth
performance Weight, length, condition factor anghexcific growth rate, MNE of the mid
intestine and differential count of the with blood cellee same parameters wereteelsfor

linear regression tanalyzefor dose responses

A significant cut of val ue wsSignificant differences O O .
for the ANOVA omnibus were further explored usingukey's Hmestly Significant
Difference HSD) test.
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Table 2.1The genes selected to evaluate Hmigstinal gene expression presented with forward and reverse primers &efthegaccession numbers for the
sequences from which the primers were designed.

Gene Forward Reverse Accession nr
Cyclin G1 GACTCCGCGTCATCGAGTCCG AACGTCTCCGCACAGAAGCCAA NM_199481
Proliferatingcell nwclear TCGGGTGAGTTTGCCCGCATC GCCCAGCTCTCCGCTAGCAGA NM_131404
antigen

Caspase 6 AGGACAGCGCTTCAGCAGGACA TGAGAGCCATTCCCCGTCTCTTGT NM_001020497
Interleukin 6 receptor TCAGCCAGAGGAGCAGGATGCC TGTGTGACCCACTGCGGGGTT NM_ 001114318
Sodium glucoseo- GGACGCACTTGCCCTCCTCA TCCCACCGCCAGAACCACCA NM_200681
transporter

Maltaseglucoamylase TGAGGGGAGAGGGCATGCGT GCTGAGCGCAGGAGGCCATTT XM_001919100
Cytochrome P48, family 1, | TCCACTCGATCGCTCCGGGTT GCGGTTTAGGCGCATGAGCAGAT NM_131879
subfamily A , CyplA

Ghrelin/obestatin GTGCCGTGCCAGCAGCATGT TGGCCTTCGACCCTGCGGTT NM_001083872
prepohormone

Mitogen-activaed protein | AGCTACTGCGGGGGACTCGT CTTTCCCTGCTCGTCCGCCC NM_131722
kinase 14a, Mapk14

CuzZn SOD CGCATGTTCCCAGACATCTA GAGCGGAAGATTGAGGATTG Y12236
Eukaryotic translation AGACAACCCCAAGGCTCTCA CTCATGTCACGCACAGCAAA NM_001017795
elongatian factor 1 alpha 1

B-actin CGAGCAGGAGATGGGAAACC CAACGGAAACGCTCATTGC
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3 Results

3.1 Feedingredients and diets

The genetically mafled (GM) maize had a DON concentration of 769 pg/kg, which is nearly
twenty times higher than the nageneically modified (non GM) maize. Howeverthe non

GM maize had minimallevels of the fumonisins and aflatoxingnly trichothecene
mycotoxins were analyzed in the feead theonly toxin above the detection linfir the two
dietswas DON in tle GMmaize feed, with a vakiof 80 pg kg feed.

Only the addedyntheticDON was detected during analysithe feed for the DON feeding
trial, with values increasingdm less than 20 up to 3000 PPN * kg feed.
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3.2 ELISA Cry protein test

In the first rowof the ELISA plate row 1, well 313 shows the color changes caused by the
standard sample with an established content of cry prateyAb). The first four wells in
the second row, row 2, is test materianh the nornGM maizewhereswell 4-8 in row 2
consist of samples frote GM maize. Wells 912 in row 2 consist of test material from the
nonGM feed, whilst the four first wells of row 3 contain test material from the GM feesl. Th
final 8 wells in row 3 is the additional test material, @& and norRGM salmon feed which

has been heated during normal production procéssefeedextrusion

" £o8sgeeseens
Row2 — > = 0}‘
Row3 —> &Q&QAQ :

XX - - - ~ e - ”~ - £ s
> - N R - A s 5 « -
-
» - - - L3 . - - -
. .
| P —— - . . . . -

Figure 3.1: An ELISA test plate with standard samples compared with the feed maize material and from the non
GM and GM feed. The blue color in the test wells with GM maize and Gl $bews the presence of cry
protein.

The color changes clearly illustrate the differebeéwveen the GM and ng@M ingredients

and feed. There is a presencetlod crylAb protein in the GM feed when comparing the
change in color with the certified testtarial. The results for the heath treated salmon feed
with GM maize confirms that the cbjb protein isnot heat stable and destroyed during

normalsalmon feegbrocessing
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3.3 Growth performance

Bt -maize feeihg trial

Feed acceptance was high overaat no differences were seen in feeding belanmongst

the different dietsThe final weightf the two different feeding groupgere200 and 187 mg

for the GM group and ne@M respectively. The results are presented by the giadigure

3.2. There was no significant difference (p= 0.30) between the group fed GM maize and non

GM maize.
Weight GM vs non GM
400~
300 —_— -
> 2004
100+ —_— 1
0 T

™

Figure 3.2: The graph shows tfikeal average weight75 days post hatchind)r the fish within the two different
feeding groups. Each Colum represents the average value for each group shown with maximum and minimum

values + SEM.

Table 3.4 shows the averafieal weight, length, condition factor and specific gtbwate

after 45days. There wereao significant differences in any parameters between the fish fed

GM feed and noitGM feed.

Table 3.1: Growth performae for the two differet diets given as mean (n=3) +SD

Weigth Length
Feed (mg) (mm) Condition factor ~ Spesific growth ra
GM 200+ 54 26+ 2 1.0+0.1 45+0.4
nonGM 186+ 55 26+ 3 0.8+0.1 3.7+ 0.5
T-test ns ns ns ns
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DON feeding trial

The feed acceptance was gdod all the groupsand all of the feed was consumed chypi
We observed that the group fed th@ Bpm cocentration consumed the feed somevasier
and seemed hungrier compared be tother tanks. However this did not results in any
significant difference in the final weight of the group (p=0.8)ortality during the trialwas
negligible. Figure3.3 shows the average final weight of the fish in egrdup at the end of
the trial.

Weight DON

400
300

— T

o 200 E [ |

- pm = -4
100 -

0 I I I I I I

0.0 0.1 0.5 15 2 3

ppm DON

Figure 3.3: The graph shows the final average weightays post hatchind)r the fish in each group. Each bar

represents the minimum and maximum values + S&iMhe groups.

Condition factor and specific growth rate was also calculated to evaluate performance for
each of the groups. There were no significant differences between the evaluatedgrexéor

parameters. The valués each diet arpresented in tdé 3.5.

Table 3.2: Performance parameters for the different dtsults are presented as mean + SD

DON
concentration Weight Length Specific growth
(ppm) (9) (mm) Condition factor rate ANOVA
0 218+ 84 26.9 +4 1.1+0.2 4.8+0.2 ns
0.1 235+ 86 272 +3 1.2+0.2 50+£0.3 ns
05 197+ 59 26.6 £2 1.0+£0.1 4.6 £0.3 ns
15 204+ 70 26.5 +3 1.1+0.2 4.7 £0.3 ns
2 216+ 68 26.9 £3 11+0.1 48+0.4 ns
3 177+ 76 26.7 £3 0.9+£0.1 4.8 +0.4 ns
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3.4 Mid intestine gene expression

Bt-maize feenhq trial

A set of transcripts encoding proteins involvedoxidative stress (CuXZ sod, mapk 14,
cyplA), the cell gcle (caspase,6écyclin G1, PCNA, the immune system (interleukin 6),
appetite regulation (ghrelin) and intestinal funet{onaltase glucoamlyse, sodium glucose co
transportervere quantified in the mid intestinal tissudean normalized expressioME)

for the investigated gene transcripts were betweerl 3.5 Figure 3.4 showall of these
transcriptspresented asnean rmalized gene expressiofBINE) + standard error of the
mean (SEM). Dietary crylA andnatural DONexposure did not affect any of theskhe
transcript encoding protein for mapk 14 and ghrelin wereothlg one showing a trend
towards significant differese, with p=0.06and p= 0.16 respectively, where thmup feed
GM maize were highesor both. The transcripts fonterleukin 6, ghrelin and cyplare also
slightly higher for the GM maize group. For the remaining genes, caspaswlfse
glucoamylase, adium glucose caransporter, cyclin and PCNA, the transcript results are

nearly equal.
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Figure3.4: The MNE data for each gene transdigptthe Bt -maize trial. The graphs are given as mean (n=3) + SEM
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DON feedhg trial

A set of transcripts encoding proteins involvedoxidative stress (CurSOD mapk 14,
cyplA), the cell gcle (caspase)6the immune system (interleukin 6), appetite regulation
(ghrelin) and intestinal function (maltase glucoamlyse, sodium gluces@artgporter)were
guantified in the mid intestinal tissueMean normalized expressionMNE) for the
investigated gene transcripts were betweerl(b%or all genes Figure 3.5showsall of these
transcriptspresented as mean normalized gene expression&)MNtandarderror around

the mearn(SEM). There were no significant differeas betweethe detary groups, and there

were no dose response to the increase in DON concentration. The dietary groups with low
DON concentrations (0.0, 0.1,5).have a trendotvards slightlyhigher transcripts foboth
caspase 6, sodium glucose-tcansporter Mapk 14, CuZnSOD and c$p. Interleukin 6,

ghrelinand maltasglucoamylase all have scattered variations for all the groups.
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Figure 3.5: Average MNE for the gene transcrvaluating mieintestinal health for increasyj DON contamination (n=5) + SEM
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3.5 Differential counts of white blood cells

There were lg differences within each group for the differehtaunt of the white blood

cells and here was no significant difference between the dietary groups for either of the trials.

The picture below illustrates the different types of cells that were categorized. The

lymphacytes dominateavith an ocurrence of around 90 % @verage.

Figure 3.2: Pictures of the different blood c€X<l0) that were differentiated during blood cell count.

Table 3.6 The aveage values of the different whikdood cells for both trials. Thaveragevalues are
based on individual fish for each of thetdiy groups.

DON cocentratiorfppm) Maize diets
Leucocytes 0.0 0.1 0.5 1.5 2 3 Non-GM GM

Lymphocyteg 90+ 5 877 93+ 3 91+5 91+6 88%5 81+14 89+4
Monocytes | 7+4 11+ 8 73 85 9+6 8+4 13+10 9+3
Granulocytes 33 3+8 00 2+5 1+1 43 514 3+1

39



4 Discussion

4.1 Methodological considerations

4.1.1 Feeding and design
Although each tank was given an equal amount of feed, there is no guaranty that the feed was
distributed evenly amongst the fish. The fishre always hungry after feeding and perhaps
less restricted feeding could have given alterations in our results. Hierarchy behavior in the
tank, due to a restricted diet, could explain some of the difference within the groups

The experimental design foané DONfeedingtrial is strong as it has 4 and 5 replicates for
each of the DON concentrations, however, there were only 3 replicates Bt timeaize
feedingtrial. Additional tanks could have enhanced tiend towardslifference observed in
growth andmnapk14.

Also, to improve the relevance of ti&t -maizefeedingtrial, additional diets should have

been included so that the data lcbibe compared to standard fesddo.

4.1.2 Gene expression analysis
The isolation of RNA by the principles of acid guanidimi thiocyanateohenotchloroform
extraction and gene expression quantification by quantitative Rea& reverse transcription
polymerase chain reaction are well established methods both in the scientific community
(Chomczynski and Sacchi, 2Q@ustin, 2000, and at the molecular lab at NS where the
samples were prepared. In addition are there seveealsumements during the sample
preparation stages to ensure that the quality of the samples is satisfactory to ensure reliable
results. The intestinal samples that wesdow 1.8 for the 260/230 ratio measured by the
nanodropp, or below 7 for the RIN numladter isolation of the RNA wre eliminated from
the trial. There are several efeents to be aware of in the pessleading up to QRT PCR,
wherea number ofthe problems that can occur are most likely to originate from the RNA
isolation stegBustin and Nolan, 20041t is generallyrecommended iscientificliterature to
extensively test thBRNA integrity for each sample, however, the routine at dhednly test a
random selection of thisolated samples anticipating that if the quality of thosegaosl, so

are the rest of the samplémsat have beetreated in the same way.
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If some of the samples were degraded it could cause false differences edwured by the
QRT PCR. The RNA integrity, defined by the RIN number, wasellent (above eight) for
all the randomly collected samples that were tested for our trial indicating that there is a

homogenous quality amongst the samples.

There were no knowobstacles during the laboratory procedures that should reflect on the

outcome of the results.

4.1.3 White blood cell differentiation
The blood smears were of very different quality as collecting blood from the zebrafish was
not an easy task. The blood colletfeom the tail will most likely contain other body fluids
as well,and possibly water from the outside of the fish. Because of this, the blood was not as
viscous as it should be and it was difficult to perform the smears. The smears that were of low
guality were not counted tobtain a reliable result. Other ways of leating blood like heart

puncture could have been explored before deciding on method.

4.2 Feed ingredients and diets

The level of deoxynivalenol (DON) inereals found in theurvey by the Navegianfood

safety authority had an average DON contaminati@und 0.20.3 ppm(Clasen and Bgrsum,
2012. This level is lowethan the naturally contaminated GM maiagredientused for our
studywhich was 07 ppm An inclusion level of 19 % was used for our maize giesulting

in a DON conentration in the 1 maize diet of around 0.1 pprithis is muchlower than

the guidance value given for DON in complementary and comfdeting stuffs which is 5
ppm(EU, 200§. DON contamination of wheat, barley and maize has had an increasing focus
in the later years, and there has been reports of growing problems which are suggested to be
due to climate changedcMullen et al., 199Y. However, there is a lack of knowledge
regarding the effestof DON and mycotoxins in general in aquaculture species. Adverse
effects on performance and health has been found in Atlantic salmon fed DON levels below
this guidance valugDdll et al., 2010. In addition to the presence of DOtie GM maize diet

also contaied the transgenic protein, cryfhAExactly how much crylidis expressed by the

GM maize is dependent of the event, growth stage and tissue.
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Few scientific ivestigatiors have been performed with focas thestability of theamount of
crylAb expressedrom event MON810 which was used for our tr{dlguyen and Jehle,
2007). The producer of the event, Monsanto, has repatftsthble valuesf crylAb from this
event, however the varage numbers reported from the producer deviates from the
investigations made bMguyen and Jehle (20Rp70ur maize wa®nly qualitative tested to
verify the presence of the toxin and did metermine the amount. For further discussion
will assume thathe average amount of cry protein produced in the whole frlamt event
MON 810 be 4 ppnwet weight based on the results froddguyen and Jehle (20D7This
gives, with an inclusion level of 19 %, appmmately 0.8 ppmfeed. In a salmon study by
Sanden et al. (2005was the amount of cyAb in the maize ingredient measured@dl1to
0.13 ppmwhich is much lower thareported by both Monsanto ahdjuyen and Jehle (20R7
Sanden et al. (2005) concluded that the crylAb levidarfeed, with an induction level of 12
%, did not affect the fish considerabl@®@ne of the reasons whiew studies provide
information on the amount of crybAn the maizeused for the triamight be because there
are usually ndlistinctive observeceffects However, aecent study with human cehowed
that aconcentration ofLl00 ppmcrylAb caused cell deathalthough much higher than what
generally occurs, disagreeingthat crylA is totally harmless for other species that the

European corn boréMesnage et al., 20).2

The increased level of DON that was found in our GM maize ingredient has also been
reported in other studigSissener et al., 201)Ldt was discussed by Sissener et @011a)
thatthe DON contaminatiorcould be a confounding factor tnals investigating effects dt
-maize. However, higher levels of DONBt-maize is contradictory to several studiesven

Bt -maize expressing cryIAprotein has resulted in lower mycotoxin concentration compared
to thenearisogenic traditional maizéBakan et al., 20Q2stry et al., 2010 Zeralenone and
fumonisin areclearly reduced inBt -crops, while the relationship towards DON is not so
distinctive (Ostry et al., 2010 Magg et al.(2002 investigated several locations over two
years and found that even thouBh-maize significantly reduced the amount of damage on
the maize crops ovdfait did not consistently reduce the concentration of DON over all
locations and years. Themdlicting results indicate that the effects of Bie-maize show a
discrepancy between locations. This might be correlated to therpk@riation in amount of
crylAb expressedvithin the same event. Also, since the effect of the GM maize is usually
compared to itmearisogenic parental line, the qualities of this might also influence the effect

Bt -maize displays.
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To be able to differentiate between primary effects (&h)land secondary effects (DON) in
fish fed the GM maize diet, a regression desigihn increasing levels of DON was run in
parallel with the maize trial. The diets in this study wer&expiwith increasing level of DON

to specifically cover the levels of DON that was found in the contaminated GM maize and
also what would naturally occun contaminated maizésriessler et al., 2030The diets for

the two trials were the same excéptthe starch source which was dextrin for the DON diets
to eliminate further mycotoxin contaminationghe level of DON was also analyzed in the
nonGM maize ingredienand was only 0.04 mg/kg. It was also found llevels of aflatoxin

(0.02 mg/kg) and fumonisin (BB2, B3 0.15 mg/kg),hese levels were howeaveonsidered

too low to have any effects in the fiahan inclusion level of 19 % maize

4.3 Growth performance

All tanks in this study wergiven an equal amount of feed twice every day and all feed was
rapidly ingested, indicating very good feed accep&armhe zebrafish given GM maize did not
show any difference in feed acceptance when visually compared to the fish feed traditional
maize. The same was sdrved in the DON trial except for theppm group which seemed
hungrier.Howeve, at the end of theritil there were no significant differences in grah,
length, SGR or CHoetween any of the groups for either of the trials. Even though not
significant, the average growth of the fish feed GM maize walstlsligigher compared to the

non GM group. This iconsistent with findings bgissener et al. (201@herezebrafish fed

GM maize had a higher weighhcreased growth was also foundarfeeding trial with pis

using tke same batch of maize as usedun study(Walsh et al., 2012 Results§rom theBt -

maize feeding trial indicate that the cryd Axpressed bBt -maze have little or no effect on

feed intake androwth of the fish. And if crylA has an effect, it mighthe speculated that it
actually enhances growttherwise elseperhaps the IoviDON levels could be enhancing
thegrowth. In the DON trial, fislied 0.1 ppm DON, the same concentratadrDON as in the

GM maize diet, had the highest average growth, although not significant. Even though DON
has been shown to be imastimulatory, it has not been foutal increase growtliPestka et

al.,, 2004. When Atlantic salmonSalmo salar)was given GM maizeontaminated with

DON the opposite was observi@demre et al., 200/
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The conflicting results indicate that different aquatic animals might have different responses
to the Bt -maize regardless if theffects are caused by the cryifrrotein or confounding
factors. When comparing our growth data with theference growth curve for zebrafish
established bysomezRequeni et al. (2030our fish had a lower weight that expected form
their results. Howevethere are severabmponentshat differ between theonditionsfor our
zebrafish. Their fish were fed ad libitum on formulated feedAxeimia nauliiand were kept

in bigger tanks with lower fish density that fourotrial. These differences provide one
explanation why the growth for our trial deviate from the growth inGbenezRequeni et al.
(2010 trial.

4.4 Mid intestine - gene expression analysis

A total of eight genes were inv@gated forboth feeding trials, which werselected based on
reported effects of DON in other animals and results fpoavious studies with GM maize.
Our results indicate thahe zebrafish mid intestins not verysensitiveto low levels of
crylAb in combination with natural DONr synthetic DON as none of the investigated gene

transcripts were significantly different between the feeding groups.

Mitogenacivated protein kinases (mapkajereported to be markers of ribotoxstress and
important transducers of downstream signaling events related to immune response and
apoptosigPestka et al., 2004 Ribotoxic stress is a mechanism which has been linked to the
presence of DON where DON can, by binding to the ribosoweasse activation of the
mitogenactivated prot@ kinasegMapks). The activation of the Mapks control intracellular
events and are related to immune responses and cell(Beatison et al., 20DIThe presence

of DON might act differently on the same mechanism as it has been proven that low doses of
DON can be imunostimulatory, whilst high doses eaimmunosuppressiofPestka et al.,

2004). The results from both trials indicate that this might be the case of our results. The fish
feed GM maize with low DON concentration (0.1 ppm) sedatrend towardsncreasegene
transcript levels ofnapkl4 compared to the n@M group The samevas obsergd in the

DON trial where the low concentrations (0.0, 0.1 and 0.5 &&igher MNE of mapkl14
compared tdish feed higher DON concentrations (1.5, 2 and 3).

CuzZnsSOD, which is a cytoplasmic antioxidant involved in combating cellular oxidative

stresgKrishnaswamy et al., 20),0wvashigher for the low DON doses and tBemaize.
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This couldindicate a protection of the cells against the toxic mechanisms of DON when only
low doses are present.

The hormone ghrelinyhich is involved in the seronergic system,associated with hunger

and appetite, increases before feeding and increase dugats f@ummings, 2006 An
increased level ajhrelinstimulates appetite and could increase both meal size and frequency.
There was a trend towards higlggarelin expressionin fish feed GM maizeompared to the

fish fed noaGM maize which correlates well with theeend towardsncreased growth for

this group. Thismay indicate that the amount of DON present in the fessgbt enough to
reduce the appetite of the fish. Keeping in mind that pigs arsidered highly sensitive to
DON contamination; reduced appetitas neitheobservedfor pigs atthis level(Prelusky et

al., 1994. There are variationsi MNE for ghrelin betweerll the groups in the DON trial,
none of which daeorrelate tahe growth of the dietary groups.

The level of starch is approximately the samehe GM and DON diets and similar to the
starch level in the diets used in the salmon trial with GM maizédmgre et al. (2007 In the
study by Hemre et al (2007hcreased maltase enzyme activity and ghecaiptakewas
observedfor the Atlantic salmorfed GM maize These resultsvere not reproducedn our

trial as there wreno significant differences between any of the didtse differences might

be explined by the investigated parameter, being genesdrgstionin our study and protein
levels in the study by Hemret al. (2007) Investigatims on plasma glucose could be an
additionalway of investigating if there were changesstarch digestibility for the high DON
concentrationsFurthermore, lte findngs byHemre et al. (2007are fran salmon and it is
known that there aréarge differences in how a fish species digest starch in the feed
(Krogdahl et al., 2005 Zebrafish might have a high ability to digest starch than salmon,
which might explain why thergvas now apparent differex®@ in MNE of these two genes
selectedas markers of imstinal transportCaspase 6 was investigatedcause it may be a
sensitive biomarker both rééal to theprimary factor (crylA) and secondary factor (DON).
DON is a known inducer of programmed cell death in relations to downstream signaling
events of mapkg§Pestka,2009. Caspase 6 is part of a group consisting of apoptekited
cysteine peptidases which are responsible for the apoptosis executidntandomeostasis

in tissuespoth @ll proliferation and cell deatheedto be controlled by regulatory gendsjt

in addition programmed cell deatlanbe affected by outside stimyBoldani and Scovassi,
2002. Caspae 6 cleaves polyADP-ribose) polymerasewhich plays a key role in cell
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reparation, and destroys lamins which are support structures in the cell (&dé&leni and
Scovassi, 2002 There is no indication of an overexpression of caspase 6 based on our data

suggesting that there low doses dot increase apoptosis.

Dietary exposure to DON is known to inducepré and temporary up regulation of pro
inflammatory cytokine expression in mice. The latter are known to induce several suppressors
of cytokine signaling (SOCS), some of which imptie growth hormone (GH) signaling
resulting in reduced growttAmuzie et al., 2000 Interleukin 6 belongs to a family involved

in phaseresponse during infection and is an essential mediator fmumatoxicity (Moon

and Pestka, 2003Increased levels of interleukin 6 could indicate that the fish experiences
disturbed physiological homeostasis due to toxic substaftegarich et al., 1998 There
wereno significantdifferences on gene transcript levelsraerleukin 6between fish fed any

of the dietsalthough the levels for the fish fed GM feedre slightly elevated. Activation of
interleukin 6 is connected to the Mapk mechanism, and viewing the results alongsidadhe
towardsincrease of mapk14 for the same group indicates that there could be a minor response

in the fish which could be ineased with higher concentrations of DON.

The trendtowards arnincrease of CyplAjene transcripts in fish fetie GM maizediet was
not observedor theequivalentDON concentrationn the DON trial. The Cyp1A function as
a detox mechanism for DON and ttnend towards amcreased MNE for thésh fed theGM

maizediet could berelated tathe low doses of DON, or the presence ofLéxy protein since

the differencevasonly observed in thBt-maize trial.

Proliferating Cell Nuclear Antigen, PCNA, &pratein used as a marker foell proliferation
potential. PCNA is found in eukaryotic cells and is essential for DNA replication by binding
to polymerasai and Dcyclins to initiate cell cycle progressiditiemann et al., 2003 A
change in cell proliferation could signal further damage to the intestinal (®aciden et al.,
2005. However no suchhanges were seen in the present studych correlate well with the
lack of difference for cyclin G1 as well, which can function as an inhibitor of cellular
proliferation(Kimura et al., 2001L

Since there are nsignificant resultsdr the genes tested ftine present studyit could be
thought thathe low doses of DOMre not high enough to alter gene transcriptewever a

study performed on broilers chicken showed that concentrations as low as 2.5 ppm could
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significantly alter gene expression in theelivand jejunun{Dietrich et al., 201p In addition
it might be supposed thtte zebrafish midntestine is noa target organ for DON damage.

Unpublished rsults on gene transcription level of liviaken from the same zebrafish as this
study indicate that zebrafish liver is the place where the detoxifying of DON takes place
(Sanden et al., 20)2 The study byHooft et al. (2011 supports thishteory as they found
damages to the liver, and not the itites in rainbow trout @ncorhynchus mykissed 2.6

ppm DON. The fact that not all organs are effects by DON in the same way was also
illustrated by varied effects on protein synthesis in diffecegins of piggDanicke et al.,
2006.

4.5 Blood - white blood cell differentiation

Blood has been shown to betarget forDON (Borutova et al., 2008 And in a study by
Sagasad et al. (2007) they found increased percentage of granulocytes in saln®n- feed
maize.Observed #ects on blood could thefere be caused yeither DON or crylA. An
alteration in the granulocyte levebuld indicateanimmune response in the bloddowever,
there wereno significant differencebetween the amount of lymphocytes, granulocytes or

monocytes amongst the different diets

Consicering the results for thBt- maize feeding triatollectively, with regards tche use of

GM maizein aquaculture, low doses of naturally contaminated DON in combination with
crylAb do not seem too affect fish performance or intestinal gene transcripifustrated

by the ELISA test, the crylAWwill be destroyed during feed extrusion, and tia¢uralDON

contamination of 0.1 ppm seems too low to cause effects.

A fact to be aware of when evaluating the results from the DON feeding trial is that there has
been showed differences between naturally and synthetic DON in th@ feetiolm et al.,

1994, where naturallgontamination has shown to caugeater effectthan synthetic DON.
When the cereals are naturally contaminated, which would be the casenial settings,

there will also most likelype other mycotoxins present. Therefore, even though the DON
levels for his trial are representative for natural circumstances, the same levelsakobll

investigated using ingredientghich are naturally contaminated witlsariumspp.
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5 CONCLUSION

Based on the results from the two trjddlave we come to the conclusithrat;

1) CrylAb in theBt- maize feed do not significantly affect growth, intestinal mMRNA or
white blood cell composition when feed to zebrafish,. The DON contamination of 0.1
ppm in theBt-maize feed does not affect the measured parameters either.

2) The ncreasingconcentration®f synthetic DONappear to be too low to significantly
affect growth, intestinal mMRNA or white blood cell differentiation in zebrafish.
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Appendix

Appendix I: Feed ingredients

The specifications of the ingredients for the two different feeding tAdllsagredients are the
same except that for thgt -maize trial was not potato starch (5) or DON (10) added.

1Casein from bovine milk (Sigmaife Science, St Louis, MO, USA)
2 Gelatin from porcine skin (Flukai@Chemica, Buchs, Switzerland)
3  M? | Trae, Axelkis AS, Oslo, Norway

4 Eldorado, Oslo, Norway

5 Potato starch, Hoff Norske, @jik, Norway

6 Refined Alfa Aesar, Karlsruhe, Germany

7 Mineral mix; 66%dicalcium phgphate dehydrate, 0.014% cobalt chloride hexahydrate,
0.04% copper sulphate, 30% potassium sulphate, 0.1% potassium iodide, 2% magnesium
sulphate heptahydrate, 0.1% manganese sulphate, 5.7% sodium chloride, 0.01% sodium
selenite, 1% zinc sulphate heptalatd;1% iron sulphate heptahydrate

8 Vitamin mix; 0.1% vitamin A (500.000 1U), 0.04% vitamin D3 (500.000 1U), 2% vitamin E,
0.1% vitamin K, 4.3% vitamin C, 40% choline, 0.15% thiamine, 0.19% riboflavin, 0.2%
pyridoxine, 2% niacin, 4% inositol, 0.05% fokeid, 0.6% calcium panthotenat, 0.75%

biotin, 03% cobalamin, 45.2% casein salt

9 AA mix; 4.3% taurine, 21.4% aspatrtic acid, 6.4% threonine, 8.5% glycine, 15.2% alanine,
4.3% valine, 5.8% methionine, 4.3% isoleucine, 8.5% leucine, 6.4% lyst%,e8adnine,
6.4% tryphtophan

10 Synonyms; 870,15 Trihydroxy-12,13epoxytrichotheg-en-8-one, Vomitoxin. Empirical
formula, C15H200§Sigma Life Science, St Louis, MO, U$A

11 Maize event mon810 produced in spain 2010/2011
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Appendix II: RNA extraction
Table Il AChemicals and reagenisedfor RNA extraction

Product name Vendor

Trizol Invitrogen art.nr. 15596-026, USA
Chloroform Merck, Germany

Isopropanol Arcus, Norway

Ethanol Arcus, Norway

DEPC (Diethyl pyrocarbonate) Sigma art.nr. F32490

RNase free ddH20 MilliQ Gradient, Lab-tec, Norway
RNase Zap Sigma art.nr. R2020, USA

Appendix III: Agilent 2100 Bioanalyzer
Table Il A Chemicals and reagents used for RNA quality measurerbgite Agilent 2100
Bioanalyzer

Product name Vendor

RNA 6000 Nano Labchip kit Agilent Technologies art.nt.5065-4476
RNA 6000 Ladder Ambion art.nr. 7152

RNase free ddH20 MilliQ Gradient, Lab-tec, Norway
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AppendixIll Figure A: An example of how thegelts from the agilent bioanalgzare

presentedThe RIN are circled for the thedirth graphs.
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Appendix IV: RT-reaction

Table IV A Chemicals and reagents used in RT-reaction .

Product name

Vendor

TagMan RT buffer 10X

Applied Biosystems art.nr. N808 0234

25 mM Magnesium chloride

Applied Biosystems art.nr. N808 0234

10 mM deoxyNTPs

Applied Biosystems art.nr. N808 0234

50 uM Oligo d(T)16 primer

Applied Biosystems art.nr. N808 0234

RNase inhibitor (20 U/ul)

Applied Biosystems art.nr. N808 0234

Multiscribe reverse transcriptase (50 U/ pl)

Applied Biosystems art.nr. N808 0234

RNase free ddH20

MilliQ Gradient, Lab-tec, Norway

Table IV B RT- reaction mix for a 30 pl reaction mix.

Properties Reagent

''Y2dzy G 6 wdlsd

i

Reagents without enzymatic

properties

RNase free water 267
TagMan RT buffer 10X 150
25 mM Magnesium chloride 330
10 mM deoxyNTPs 300
50 uM Oligo d(T)16 primer 75
Enzymes RNase inhibitor (20 U/ul) 30

Multiscribe reverse transcriptase (50 U/ pl)

50,1

59




Table IV C Reverse Transcriptase reaction conditions .

Step Temperature (C) Time (minutes)
Incubation 25 10

Reverse Transcriptase 48 60

Reverse Transcriptase 95 5

inactivation

End 4 oo
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Appendix V: One step test of primers

Table V A: Amount of reagents for testing of primers.

Reagent Volume Final concentraibn
5 x QIAGEN One step RT-PCR buffer 10l 1X

dNTP mix 10l 5X

RNase fritt vann 19 ul ( final volume 50 pl)
Primer forward 3ul 0.6 uM

Primer reverse 3ul 0.6 uM

QIAGEN One step RT-PCR MIX 2 ul

RNA template 1l

Table V B: RT-PCR cycle for One step gene test.

Proses Time Temperature
Reverse 30 min 50C
transcriptase

PCR activating 15 min 95C

3 step cycle

Denaturizing 45 sek (30-60) 94C
Annealing 45 sek (30-60) 55C (50-68)
Extension 1 min 72C
Number of cycles 33 (25-40)
Final extension 10 min 72C
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Appendix VI : Quantitative Real-Time PCR

Table VI A Chemicals and reagents used for real-time PCR.

Product name

Vendor

SYBR GREEN Master

Roche, Norway

Primer

Invitrogen Ltd, UK

RNase free ddH20

MilliQ Gradient, Lab-tec, Norway

Table VI B: SYBR GREEN reaction mix for Light Cycler 480 (10 ul reaction).

Reagent Vol ume (el)
RNase free water 331
Forward primer 114
Reverse primer 11.4
SYBR GREEN Master 570
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